Evidence of latent inhibition was sought in a series of experiments with goldfish. In Experiment 1, goldfish were given nonreinforced preexposure to a color that subsequently predicted shock in an activity conditioning situation; their performance did not differ from that of control animals preexposed to a markedly different color. In Experiment 2, a group of goldfish given nonreinforced preexposure to a tone and an unstimulated control group were trained in an appetitive situation, with the tone serving either as a conditioned excitor or as a conditioned inhibitor. Preexposure had no significant effect in the conditioned excitation training, but it reduced the level of responding both to the positive stimulus and to the negative compound in the conditioned inhibition training. In Experiments 3 and 4, classical aversive conditioning was studied in the shuttle box. In Experiment 3, excitatory conditioning to a color was found to be impaired (relative to the performance of nonpreexposed control animals) as much by nonreinforced preexposure to the training color as by nonreinforced preexposure to a markedly different color; substantial variation in amount of preexposure was without significant effect. In the conditioned inhibition training of Experiment 4, animals with nonreinforced preexposure responded less than did unstimulated control animals both to the positive stimulus and to the negative compound. The results for goldfish can be understood on the assumption that the effect of preexposure in these animals is simply to reduce general responsiveness or level of arousal.
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Nonreinforced experience with a stimu-ulus becomes inhibitory (Pavlov, 1927) ; relus may interfere with conditioning when sistance to conditioning is, of course, aconthe stimulus subsequently is paired with ventional index of inhibition, although not reinforcement. This phenomenon, known an infallible one (Rescorla, 1971) . There is, as "latent inhibition" (Lubow & Moore, however, much contemporary evidence to 1959) , has been found in a variety of ani-suggest that inhibition is not produced by mals and conditioning situations (Carlton nonreinforcement per se but by nonrein-& Vogel, 1967; Channell & Hall, 1983;  forcement in an otherwise reinforcing con- Crowell & Anderson, 1972; Domjan, 1972 ; text-that is, by negative correlation with Feldman, 1977; Halgren, 1974; Lantz, 1973; reinforcement (Rescorla & LoLordo, 1965) . Lubow, 1965; Lubow, Alek, & Arzy, 1975 ; An alternative to the Pavlovian explana Siegel, 1969a) .
tion of latent inhibition is that the "assoLatent inhibition may be explained on ciability" of the stimulus-that is, the readthe assumption that the preexposed stim-iness with which it will enter into associative relations with new stimuli-is reduced This article is adapted from a doctoral dissertation by nonreinforced preexposure. Perhaps the submitted to the University of Hawaii. The research simplest and most plausible idea, put forwas supported by Grant MH 33077 from the National wan j in Qne fom Qr another by different Institute of Mental Health. The author is indebted to .
,. , T , ,,, . o n i M. E. Bitterman for advice and to the Center for investigators (Lubow, Werner, & Schnur, Cultural and Technical Interchange between East and 1981; Mackintosh, 1975; Rescorla, 1971) , is West for an open grant in support of his graduate that associability is a function of attention stud y-_, and that attention is reduced by nonrein-J^'Z^vS^rt'fSK. forced Preexposur but there are others. Hiroshima Shudo University, Hiroshima 731-31, Ja- Wagner (1976 , 1978 pie, that the preexposed stimulus is less 316 readily associated with new stimuli because of its association with contextual stimuli during preexposure, an idea supported (although not exclusively so) by the contextual specificity of the latent inhibition effect (Channell & Hall, 1983; Lubow, Rifkin, & Alek, 1976) . The explanation of latent inhibition in terms of reduced associability is confirmed by several experiments in which nonreinforced preexposure was found to retard not only the acquisition of excitatory properties when the stimulus subsequently was used to signal reinforcement but also when the stimulus was used to signal nonreinforcement-the acquisition of inhibitory properties (Feldman, 1977; Halgren, 1974; Reiss & Wagner, 1972; Rescorla, 1971) . Interest in the phyletic generality of these results, all of which were obtained in work with mammals, is prompted by work with other animals. In three studies of pigeons-one on conditioned heart rate (Cohen & MacDonald, 1971) and two on conditioned key pecking (Mackintosh, 1973; Tomie, Murphy, Fath, & Jackson, 1980) -no evidence of latent inhibition was found. The positive results obtained in a fourth (autoshaping) study (Tranberg & Rilling, 1978) are inconclusive because magazine training was given in advance of preexposure; the interference may have been due not to unreinforced preexposure per se but to unreinforced preexposure in a reinforcing context. There is a report of latent inhibition in a shuttle box avoidance experiment with goldfish (Braud, 1971 ), but it is not convincing for several reasons. One is that the course of acquisition was not shown. A second is that the test performance of the nonpreexposed animals was so good, given the small amount of training and the size of the animals in relation to the space through which they were required to shuttle. A third is that the test performance of animals for which the conditioned stimulus had previously been paired either with food or with long trains of inescapable shock was even better than that of the nonpreexposed animals. It is worth noting that negative results (i.e., absence of latent inhibition) were obtained in a recent experiment on classically conditioned proboscis extension in honeybees (Bitterman, Menzel, Fietz, & Schafer, 1983) ; although few preexposures were given, only a few pairings were required for conditioning.
If latent inhibition is an attentional phenomenon, the question of whether it can be found in goldfish is of particular interest in relation to previous efforts to find evidence of learned modification of attention in fishes. Goldfish have failed in several experiments (Couvillon, Tennant, & Bitterman, 1976; Tennant & Bitterman, 1973) to show better intradimensional (ID) than extradimensional (ED) transfer of discriminative training, which has been found in rats (Shepp & Eimas, 1964) and monkeys (Shepp & Schrier, 1969) and which has been taken as strong indication of learned change in attention (Mackintosh, 1975; Sutherland & Mackintosh, 1971) . In view of the negative outcome of experiments on latent inhibition in pigeons, it may be well to note that the ID-ED results for pigeons are unclear; Mackintosh and Little (1969) found better ID than ED transfer in pigeons, but Couvillon, Tennant, and Bitterman (1976) did not. Goldfish and carp (like many other animals) do show overshadowing and blocking (Tennant & Bitterman, 1975a) , which have been explained in attentional terms (Sutherland & Mackintosh, 1971) , but these phenomena can be explained without reference to attention (Rescorla & Wagner, 1972) . Goldfish also show better ED discrimination after true discrimination (TD) than after pseudodiscrimination (PD) training-that is, training in which the discriminanda are nondifferentially reinforced (Tennant & Bitterman, 1975b) . Similar results for pigeons have been explained on the assumption that "general attentiveness" is enhanced by TD training and reduced by PD training (Thomas, Freeman, Svinicki, Burr, & Lyons, 1970) , but they can be understood, as well, in terms of blocking by background stimuli. Experiments on latent inhibition provide another avenue of approach to the problem of attentional learning in goldfish.
Experiment 1
Because the meaning of the conventional latent inhibition experiment is ambiguous, slower excitatory conditioning of the preex-posed stimulus being interpretable either in terms of inhibition or in terms of reduced associability, it seemed expedient in this search for a preexposure effect in goldfish to go at once to a conditioned inhibition paradigm: After nonreinforced experience with a light in the first stage of the experiment, the animals were trained in the second stage to discriminate between a tone that was paired with shock and a nonreinforced compound of the tone and the light. If the effect of the preexposure is inhibitory, the subsequent discrimination should be facilitated, but if preexposure reduces the associability of the light, the subsequent discrimination should be impaired. The control procedure employed in this experiment also deserves particular attention in that the control animals were not simply nonexposed to the light in the first stage but exposed to a light markedly different in color from that to be used in the second stage. The purpose, as in the original experiment of Lubow and Moore (1959) , was to look not for a general effect of preexposure but for an effect specific to experience with the preexposed stimulus. The technique employed was activity conditioning, with brief shock as the unconditioned stimulus.
Method
Subjects. The subjects were 24 experimentally naive 7.5-cm goldfish (Carassius auratus) obtained from Ozark Fisheries in Missouri. They were maintained individually on a 24-hr feeding schedule in compartments that were formed by partitioning a large tank. The tank was located in a temperature-controlled laboratory room. The water in the tank was continuously filtered and circulated.
Apparatus. The apparatus used in this experiment was designed to study the classical conditioning of general activity in fishes (Homer, Longo, & Bitterman, 1960) . Situated in a large sound-attenuating enclosure, it consisted of six small Plexiglas compartments (12.7 x 7.6 X 17.5 cm) through which fresh filtered water flowed continuously. The depth of the water in the compartments, each of which contained an animal, was 8.5 cm. One long wall of each compartment was slatted vertically to permit the water current produced by the animal's movement to displace a paddle outside. The paddle was fixed to a rod, the other end of which was attached to a strain gauge mounted above the compartment. Resistance changes in the transducer caused by the animal's movement were transmitted to an integrator described by Woodard (1972) . The output of the integrator drove a mercury relay, the contact duration of which was adjusted to 10 ms. One of the conditioned stimuli (CSs) was general illumination of each compartment with a 7.5-W Christmas-tree bulb, red in some cases and blue in others. (All the walls of the compartment were of opaque white Plexiglas except for the long wall opposite the slatted wall which was of translucent Plexiglas to permit illumination by the CS light.) Another CS was a 400-Hz tone (35 dB above re 0.1 /jN/m 2 as calibrated with a hydrophone) delivered from a 7-cm speaker in the ceiling of each compartment. The unconditioned stimulus (US) was a single 0.45-V/cm, 0.4-s pulse of ac shock delivered through stainless steel electrodes on the long walls of each compartment. All events of the experiment were programmed automatically, and the outputs of the integrator relays were recorded by a PDP-8/S minicomputer.
Procedure. At the outset of the experiment, the animals were randomly assigned to one of two groups of 12 subjects each. Group PES was to be preexposed to the same color and Group FED to a different color from that subsequently used in the conditioned inhibition training. The two colors, blue and red, were balanced over conditions. In the first stage of the experiment, there were 200 preexposures per session to one of the colors in five daily sessions. The duration of the CS was 10 s, and the mean intertrial interval was 30 s. In the second stage, all animals received conditioned inhibition training with tone as S+ and tone plus light as S-. On each S+ trial, a 10-s tone (T) was followed by the US (T+). On each S-trial, a 10-s presentation of the same tone in compound with light ended without shock (TL-). For the PES animals, the color of the light was the same in both stages of the experiment; for the PED animals, it was different. There also were blank trials on which no stimuli were presented. In each of 10 daily sessions of conditioned inhibition training, there were five S+, five S-, and five blank trials in quasi-random order, with a mean intertrial interval of 60 s. On each trial, general activity in the first 10 s was measured. One PES animal that was preexposed to the red light and one PED animal that was preexposed to the blue were injured during the training and were eliminated from the analysis.
Results
In Figure 1 , the responses of the two groups to each of the two stimuli and on blank trials are plotted in terms of mean activity per trial on each day of training in the second stage of the experiment. Both groups developed good discrimination between T+ and TL-, responding more to T+ than on blank trials and less to TLthan on blank trials. Analysis of variance yields a significant effect of stimuli, F(2, 40) = 70.19, p < .0001, and of days, F(9, 180) = 5.82, p < .0001, and a significant Stimuli X Days interaction, F(IS, 360) = 7.14,p < .0001. The performance of the two groups was, however, very much the same, F(l, 20) = 1.05, p = .3170. Analysis of variance shows no significant difference in discrimination-neither a Groups X Stimuli interaction (F < 1) nor a Groups X Stimuli X Days interaction, F(18, 360) = 1.05, p = .3994. It should be noted that there is no independent evidence of the acquisition of inhibitory properties by the light. The data permit only the conclusion that if preexposure did generate inhibition, or did reduce attention, the effect was not color-specific, although the two colors are known to be easily discriminable and several previous latent inhibition studies of auditory frequency and intensity in mammals have given clear evidence of specificity (Lantz, 1976; Schnur & Lubow, 1976; Siegel, 1969b ). The strategy adopted in the next experiment was to use unstimulated controls with the view of subsequently investigating the specificity of any preexposure effect that might appear.
Experiment 2
In this experiment, reminiscent of earlier work by Halgren (1974) with rats, an appetitive instrumental technique was used, the control groups were unstimulated, and a conditioned excitation procedure and a conditioned inhibition procedure were studied-that is, animals were trained in the second stage to discriminate between a light alone and a compound of the light and a preexposed tone, with the compound positive in one case (tone as conditioned excitor) and negative in the other (tone as conditioned inhibitor). Halgren's preexposed animals performed less well in both cases than did his controls, a result pointing to reduced associability rather than to an inhibitory effect of preexposure.
A difficulty of doing a latent inhibition experiment in instrumental conditioning is that if the instrumental response is shaped after preexposure to the CS, the animals may recover from the effect of preexposure in the interval between preexposure and test. Although there is evidence that the effect may persist at least for a week (Crowell & Anderson, 1972) , it may take longer for the instrumental behavior to stabilize. If, however, the instrumental behavior is shaped before nonreinforced preexposure to a stimulus, the stimulus may acquire inhibitory properties, not because of nonreinforced presentation per se but because of nonreinforced presentation in an otherwise reinforcing context. In this experiment, the procedure employed was first to establish the baseline response and then to extinguish it before preexposure of a novel stimulus, relying on spontaneous recovery for rapid restoration of the instrumental baseline during the discriminative training.
Method
Subjects. The subjects were 24 experimentally naive 10-cm goldfish obtained from Ozark Fisheries. They were maintained in the same way as those of Experiment 1.
Apparatus. Two instrumental conditioning chambers of black Plexiglas through which fresh filtered water flowed continuously were used in the experiment. They were set in large sound-attenuating enclosures. The manipulandum in each chamber was a circuler target, 4 cm in diameter, located at the front end of the chamber. The target was fixed to a rod, the other end of which was attached to a strain gauge mounted above the chamber. Any contact of the animal with the target was detected by an integrating circuit (Woodard & Bitterman, 1974) , the output of which operated a response relay. At the center of the target was a Plexiglas nipple through which the liquid food serving as reinforcement (Longlife Tropical Flake Food blended with tragacanth and water) was delivered with a 10-ml syringe by a Peti-Pump (Harvard Apparatus Co.). The target could be illuminated by a 7.5-W white Christmas-tree bulb in a light-box behind it, and a 400-Hz tone (28 dB above re 0.1 jiN/m 2 , hydrophone calibration) could be presented through a 18-cm speaker mounted in the ceiling of the soundattenuating enclosure. All events of the experiment were programmed automatically, and responses were recorded with printing counters.
Procedure. In the first stage of the experiment, there were daily 30-min pretraining sessions with the target illuminated by the white light. To begin with, each response to the target was rewarded with a drop of food, but in subsequent sessions the reinforcement schedule was shifted to a variable interval averaging 15 s (VI15 s), then to VI 30 s, and finally to VI1 min. On the basis of the animals' performance in the last 3 days of the VI 1-min training, they were assigned to four equated groups of 6 subjects each. In the second stage of the experiment, there were three extinction sessions in which response to the white light declined sharply (from an initial rate of about 35 per minute to a rate of about 3 per minute). In the third stage of the experiment, the animals in two preexposure (PE) groups had six daily sessions in each of which there were five 3-min preexposures of the tone; the animals in two nonpreexposure (NPE) groups remained in the chamber without any stimulus presentations. In the fourth stage of the experiment, all animals had 10 daily sessions of discrimination training, with the tone serving as a conditioned exciter for one PE and one NPE group and as a conditioned inhibitor for the other two groups. In the first case, response to the white target was reinforced on a VI 1-min schedule in the presence of the tone (WT+) but not in the absence of the tone (W-); in the second case, response was reinforced in the absence (W+) but not in the presence of the tone (WT-). Each session consisted of ten 3-min white-light segments separated by a brief timeout in darkness, half of the segments with and half without the accompanying tone, in Gellermann orders. The number of responses to the target in each segment was recorded with the exception of a 5-s period following each reinforcement, the purpose of the exclusion being to eliminate responses to the food itself. The 3-min segment timer was stopped during these 5-s periods to equate opportunity for response in S+ and S-. Figure 2 shows the results for the conditioned excitation training, in which poorer discrimination in the PE group would be expected either on the assumption of an inhibitory effect of preexposure or on the assumption of reduced associability. The curves, which are plotted in terms of the mean rate of response in WT+ and Wsegments, show that there was rapid recovery of response to the white target alone (W-), although not to the pretraining level; the animals continued to respond at a low level in W-segments as a consequence, presumably, of reinforcement in WT+ segments. The initial recovery was more pronounced in WT+, and the rate of responding in those segments increased substantially in subsequent sessions. Analysis of variance yields a significant effect of stimuli, F(l, 10) = 710.87, p < .0001, and of days, F(9, 90) = 9.69, p < .0001, as well as a significant Stimuli X Days interaction, F(9, 90) = 11.55, p < .0001. There is not, however, a clear difference in the performance of the two groups. Analysis of variance yields no significant groups effect (F < 1), and no significant Groups X Stimuli (F < 1), Groups X Days (F < 1), or Groups X Stimuli x Days, F(9, 90) = 1.53, p = .1491, interactions; that is, there is no latent inhibition effect. Figure 3 shows the results for the conditioned inhibition training in terms of the mean response rate in W+ and WT-segments. Here again, there was rapid recovery of responding both in reinforced (W+) and in nonreinforced (WT-) segments, and to a higher level in reinforced segments, with rate of responding in those segments continuing to increase over sessions and rate of responding in nonreinforced segments remaining about the same: stimuli effect, F(l, 10) = 83.55, p < .0001; days effect, F(9, 90) = 5.45, p < .0001; Stimuli X Days interactions, F(9, 90) = 8.31, p < .0001. Analysis of variance also supports the suggestion in the curves that the two groups discriminated equally well-there is no significant effect of groups (F < 1) and no significant Groups X Stimuli (F < 1) or Groups X Stimuli X Days, F(9,90) = 1.20, p = .3043, interaction. There is, however, an indication in the curves that the PE animals tended to respond less to both stimuli as training continued, Groups X Days interaction, F(9,90) = 2.03, p = .0443. It is difficult to say what this difference in overall level of responding may mean. An interesting difference between the conditioned excitation and conditioned inhibition results-a difference reported also by Halgren (1974) in rats-is better discrimination with WT+ and W-than with W+ and WT-, Problems (conditioned inhibition vs. conditioned excitation) X Stimuli (S+ vs. S-) interaction, F(l, 20) = 14.89, p = .0010. As Halgren noted, the difference is reminiscent of the featurepositive effect (Jenkins & Sainsbury, 1969) . This point of correspondence between the present results and those for birds and mammals suggests that noncorrespondence in other respects should not lightly be dismissed as the product of a lack of equivalence in the methods employed.
Results

Experiment 3
In this experiment, classical aversive conditioning in the shuttle box was studied (see Woodard & Bitterman, 1971 , the purpose being simply to look for the traditional latent inhibition effect (retarded acquisition after nonreinforced preexposure). Amount of preexposure was varied systematically, and two control procedures were employed: One was no stimulation, and the other (out of interest in the specificity of the effect) was exposure to a stimulus discriminably different from the one subsequently to be conditioned.
Method
Subjects. The subjects were 72 experimentally naive 7.5-cm goldfish obtained from a local dealer and maintained in the same way as those of the previous experiments.
Apparatus. Four shuttle boxes like those described by Homer, Longo, and Bitterman (1961) were used. The depth of the water was 2.5 cm above the hurdle. The CS was simultaneous illumination for 10 s of a pair of 7.5-W Christmas-tree bulbs, one at each end of the shuttle box. There was a red pair of bulbs and a green pair, either of which could be called for by the programmer. The US was a single 0.9-V/cm, 0.4-s pulse of ac shock delivered through stainless steel electrodes on the long walls of the shuttle box. Shuttling responses were detected by photodetectors mounted at each side of the hurdle (at the point of entry into each compartment) and programmed in such a way that only a full crossing from one compartment to the other was recorded as a response. All events of the experiment were automatically controlled, and responses in the CS-US interval were recorded with banks of electric counters.
Procedure. Before the experiment, the animals were randomly assigned to nine groups of 8 subjects each. In the first stage of the experiment, the animals in four PES (preexposure-same) groups had 20,40,80, or 160 preexposures of the color to be conditioned in the second stage. For half of the animals in each group, the color was red, and for the rest it was green. The animals in four PED (preexposure-different) groups had corresponding numbers of preexposures of the colors, but the color experienced by each animal was different from that to be conditioned in the second stage. The animals in the NPE (nonpreexposed) group had only blank trials in the first stage; half of them were conditioned to red in the second satage, and the rest to green. In the first stage, there were eight daily sessions, each consisting of 20 trials with a mean intertrial interval of 60 s. For Group NPE, all trials were blank-that is, the lights were not turned on. For Groups 20 PES and 20 PED, there were blank trials in the first seven sessions and trials with light in the eighth; for Groups 40 PES and 40 PED, blank trials in the first six sessions and trials with light in the last two; for Groups 80 PES and 80 PED, blank trials in the first four sessions and trials with light in the last four; for Groups 160 PES and 160 PED, trials with light in all eight sessions. The second stage of the experiment consisted of 10 daily sessions in each of which there were 10 (classical) color-shock pairings with a 10-s CS-US interval and an intertrial interval averaging 60 s. On every trial, the number of responses made by each animal in the CS-US interval was recorded.
Results
The performance of each animal in each session was scored in two ways: initial responses means the number of trials on which the animal made at least one response to the CS, and multiple responses means the total number of conditioned responses in the 10 trials (sometimes an animal made more than a single response on a given trial). The first step in the treatment of results was a 4 X 2 analysis of variance based on the data of the eight preexposed groups (four different amounts of preexposure of the same or a different color). For the initial response measure, the analysis yielded a significant effect of days, that is, a significant acquisition effect, F(9, 504) = 58.86, p < .0001, but no significant effect of number of preexposures (F < I), no significant PES vs. PED effect (F < 1), and no significant Number of Preexposures X PES vs. PED (F< 1), Number of Preexposures x Days (F < 1), PES vs. PED X Days, F(9, 504) = 1.39, p = .1897, or Number of Preexposures X PES vs. PED X Days, F(21, 504) = 1.01, p = .4548, interactions. For the multiple response measure, the days effect also is significant, F(9, 504) = 48.34, p < .0001. The F values for the other effects all are less than 1 except PES vs. PED X Days interaction, which again is insignificant, ,F(9, 504) = 1.66, p = .0968, and Number of Preexposures X PES vs. PED X Days interaction, F(27, 504) = 1.10, p = .3303, which is also insignificant. Figure 4 , which is plotted in terms of the mean number of initial responses per day, presents the performance of the four PES groups pooled, the performance of the four PED groups pooled, and the performance of the nonpreexposed group (NPE). The curves suggest a nonspecific suppression of performance by preexposure, a conclusion that is not supported by analysis of variance: groups effects, F(2, 69) = 2.29, p = .1088; days effects, F(9, 621) = 54.43, p < .0001; Groups X Days interaction, F(18, 621) = 1.53, p = .0748. Figure 5 , plotted in terms of mean multiple responses per day, resembles Figure 4 , and here analysis of variance does yield an interaction significant beyond the conventional .05 level: for groups, F(2, 69) = 2.19, p = .1202; for days, F(9, 621) = 44.93, p < .0001; for the Groups X Days interaction, F(18, 621) = 1.70, p = .0347. It seems, then, that preexposure tends to produce some relatively nonspecific reduction in level of responding, although whether the reduction has an inhibitory or an attentional basis remains to be determined. The appearance in the classical shuttle box conditioning situation used in Experiment 3 of what might be thought of as a nonspecific latent inhibition effect prompted a conditioned inhibition experiment in the same situation. Several different outcomes could be anticipated: One was the better discrimination in preexposed animals predicted by inhibition theory; a second was the poorer discrimination in preexposed animals predicted on the theory of reduced associability; and a third was an overall suppression of responding in preexposed animals such as found in Experiment 2. The third expectation would rest, of course, on the assumption that the factor responsible for the suppression found in Experiment 2 operates in aversive as well as appetitive training.
Method
Subjects. The subjects were 24 experimentally naive, 7.5-cm goldfish obtained from a local dealer. They were maintained in the same way as those of the previous experiments.
Apparatus. The four shuttle boxes used in Experiment 3 were used again in this experiment, but with different CSs. One CS -designated as W -was simultaneous illumination of a pair of 7.5-W white Christmas-tree bulbs, one at each end of the shuttle box. The other -designated as R -was a flickering red light (0.4 s on, 0.1 s off) from a pair of red bulbs above the shuttle box, one over each compartment. The US was again a single 0.9-V/cm, 0.4-s pulse of ac shock delivered through stainless steel electrodes on the long walls of the shuttle box. The shuttling response, registered by a pair of photodetectors, was defined in the usual way as a complete crossing from one compartment to the other. All events of the experiment were automatically controlled, and responses were recorded with banks of electric counters.
Procedure. Before the experiment, the animals were randomly assigned either to a preexposure (PE) group or to a nonpreexposure (NPE) group, 12 subjects in each. In the first (preexposure) stage of the experiment, the animals in the PE group had eight daily sessions in each of which there were 20 presentations of the flickering red light. The duration of each stimulus was 10 s, and the mean intertrial interval was 60 s. For the animals in the NPE group, there were eight sessions in which blank trials (trials without the light) were programmed. In the second (training) stage of the experiment, all animals were given 18 days of conditioned inhibition training with the white light alone as S+ (W+) and the white light plus red flickering light as S-(WR-). In each session, there were 10 W+ and 10 WR-trials in Gellermann orders, with a mean intertrial interval of 60 s. On reinforced trials, the 10-s CS was always followed by the US (the conditioning was classical); on nonreinforced trials, the compound ended after 10 s without shock. On each trial, all responses in the first 10 s were recorded. One PE animal was injured during the training and was eliminated from the analysis. Figure 6 presents the performance of the two groups in terms of the mean number of initial responses per day, both in the preexposure stage and in the conditioning stage of the experiment. In the preexposure stage, there is a moderate increase in activity over days that is more marked in the PE group; the basal activity of the PE group tends at first to be suppressed by the preexposed stimulus, but the effect disappears gradually. Analysis of variance shows no significant groups effect, F(l, 21) = 1.36, p = .2566, but a significant effect of days, F(7, 147) = 4.78, p = .0001, and a significant Groups X Days interaction, F(7, 147) = 2.17, p = .0399. In the conditioning stage, both groups show increased responding both on W+ and on WR-trials, but much more on W+ trials. Analysis of variance yields a significant days effect, F(17, 357) = 16.46, p < .0001, a significant effect of stimuli, F(l, 21) = 62.56, p < .0001, and a significant Days X Stimuli interaction, F(17, 357) = 3.94, p < .0001. The difference in responding to the positive and negative stimuli is about the same in the two groups; Groups X Stimuli (F < 1) and Groups X Stimuli X Days (F < 1) interactions are negligible. The overall level of responding does, however, seem to be substantially less in the PE group than in the NPE group, although groups effect, F(l, 21) = 2.81, p = .1084, and the Groups X Days interaction, F(17, 357) = 1.61, p = .0584, are not quite significant at the conventional .05 level. Figure 7 presents the performance of the two groups in terms of the mean number of multiple responses per day in the preexposure and conditioning stages. The pattern of results for multiple responses is very much the same as for initial responses. In the prexposure stage, there is a significant days effect, F(7, 147) = 4.96, p < .0001, although neither the groups effect, F(l, 21) = 1.83, p = .1903, nor the Groups X Days interaction, F(7, 147) = 1.83, p = .0858, is statistically significant. For the conditioning stage, analysis of variance based on multiple responses yields exactly the same relations as does the analysis based on initial responses except that in the multiple response analysis the Groups X Days interaction is highly significant, F(17, 357) = 2.09, p = .0069, which reflects the appearance with continued training of a marked inferiority in the overall level of responding in the PE group. Sharp discrimination is indicated by highly significant effects of stimuli, F(l, 21) = 92.67, p < .0001, and of the Stimuli X Days interaction, F(17, 357) = 5.58, p < .0001, although, as the curves suggest, the degree of discrimination in the two groups is again the same, with no effect of groups, F(l, 21) = 2.39, p = .1368, and negligible Groups x Stimuli (F < 1) and Groups X Stimuli X Days (F < I), interactions. Neither the better discrimination in the PE group predicted by inhibition theory nor the poorer discrimination predicted by the theory of reduced associability can be found. An interesting feature of this experiment is that it provides some direct evidence of habituation to the preexposed stimulus in the first stage. The red flickering light tends at first to suppress spontaneous responding in the apparatus, but the effect dissipates in the course of further nonreinforced experience with the light, reappearing with the introduction of shock in the second stage, probably as a function of a general reduction in responsiveness or arousal threshold. The interpretation is complicated to a certain extent by the fact that the response-eliciting or arousal value of a stimulus is indexed by reduced responding (relative to interval responding) in the preconditioning phase but by enhanced responding as conditioning proceeds. Nevertheless, the simplest way to account for the results of the second stage is in terms of a nonspecific reduction in responsiveness or arousal by preexposure such as was seen in Experiment 3.
Results
Discussion
The first noteworthy feature of these results is that no preexposure effects specific to the preexposed stimulus were found. There was no significant difference between experimental animals and differently stimulated controls either in Experiment 3, in which the stimulus was paired with shock and the acquisition of excitatory properties was studied, or in Experiment 1, in which the stimulus predicted the nonoccurrence of shock and the acquisition of inhibitory properties was studied. It is conceivable that the animals were attending in the preexposure period to some common property of the stimuli used rather than to their distinctive properties, but that is unlikely because the stimuli were lights of different color, and color is a highly salient stimulus dimension for goldfish.
Some evidence of a preexposure influence did, however, appear when unstimulated control groups (preexposed only to the training situation) were used. Although the results for conditioned excitation in Experiment 2, in which the animals were rewarded with food for striking a target, were negative, some indication of a preexposure effect was obtained in Experiment 3, in which a classical aversive conditioning procedure was employed. There were significant preexposure effects also in conditioned inhibition, both for instrumental reward training in Experiment 2 and for classical aversive conditioning in Experiment 4, although they were not what would be predicted on the assumption either that preexposure produces inhibition or that it reduces associability. The former assumption suggests better discrimination in the preexposed animals (for which the preexposed stimulus should already have acquired inhibitory properties), and the latter suggests poorer performance in the preexposed animals (which should be slower to learn about the new significance of the preexposed stimulus). Instead, the preexposed animals responded less in each case than did the control animals, both to the reinforced stimulus and to the nonreinforced compound consisting of the preexposed stimulus and the otherwise reinforced stimulus, with no evidence of a difference in the degree of differentiation or in the rate at which it developed. Nor can the results be explained in terms of the generalization of latent inhibition, which might have been expected to impair discrimination in the preexposed groups of Experiments 2 and 4. What these results, which are quite different from those for rats, seem to show is that a general decline in responsiveness or level of arousal is produced by preexposure.
How is the difference between the results of the present experiments with goldfish and those of previous experiments with mammals to be understood? In the interest of parsimony, one may be reluctant to think in terms of some evolutionary divergence in learning mechanisms, preferring instead to look for an explanation in terms of differences in contextual variables or in terms of the nonequivalence of the training situations employed (Bitterman, 1975) . There are, however, two reasons why the failure of these experiments with goldfish to duplicate the mammalian results cannot so easily be dismissed. One has to do with the power of the goldfish training techniques and the many strong resemblances between the results obtained with them and those for vertebrates of other classes-not only general resemblances but much more specific ones, such as the feature-positive effect found here and the phenomena of conditioned excitation and conditioned inhibition themselves. A second concerns the consistency of the present results with the results of experiments of quite different design in which evidence of learned modification of attention in goldfish has been sought unsuccessfully. The new results are compatible with the view that the performance of mammals in latent inhibition and related experiments is influenced by mech-anisms of attentional modification that do not operate in goldfish.
